Despite abundant activated virus-specific cytotoxic T lymphocytes (CTLs), patients with human T-lymphotropic virus type 1 (HTLV-1)-associated myelopathy/tropical spastic paraparesis (HAM/TSP) showed a significantly higher frequency of infected T cells than did healthy virus carriers (HVCs). Here, we demonstrate that at a given proviral load, the frequency of CD8 ؉ T cells that are negative for specific costimulatory molecules was significantly higher in HAM/TSP than in age-matched HVCs and uninfected healthy controls 
Introduction
Human T-cell lymphotropic virus type 1 (HTLV-1) is a replicationcompetent human retrovirus 1,2 associated with adult T-cell leukemia (ATL) 3, 4 and a slowly progressive neurologic disorder, HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP). 5, 6 The main pathologic features of HAM/TSP are chronic inflammation in the spinal cord, characterized by perivascular lymphocytic cuffing and parenchymal lymphocytic infiltration including HTLV-1-infected CD4 ϩ T cells. 7 Unlike human immunodeficiency virus (HIV), HTLV-1 causes no disease in a majority of infected subjects (healthy asymptomatic virus carriers, HVCs). However, approximately 2% to 3% develop ATL and another 2% to 3% develop a disabling chronic inflammatory disease involving the central nervous system (HAM/TSP), eyes, lungs, or skeletal muscles. 8 Our previous studies in HTLV-1 endemic to southern Japan indicated that the median proviral load (PVL) in peripheral blood mononuclear cells (PBMCs) of patients with HAM/TSP was more than 10 times higher than that in HVCs, and a high PVL was also associated with an increased risk of progression to disease. 9 In the same population, HLA-A*02 and HLA-Cw*08 genes were independently and significantly associated with a lower PVL and a lower risk of HAM/TSP. 10, 11 Namely, possession of the HLA-A*02 allele, which efficiently presents several epitopes from HTLV-1 proteins to specific CTLs, was associated with protection against HAM/TSP as well as a lower PVL. 11 These data suggest that class I-restricted CD8 ϩ CTLs play an important part in controlling HTLV-1 PVL and reducing the risk of disease. Indeed, CD8 ϩ T cells in fresh PBMCs of HTLV-1-infected patients rapidly kill autologous CD4 ϩ cells naturally infected with HTLV-1 by a perforin-dependent mechanism. 12, 13 However, because HTLV-1-specific CD8 ϩ T cells have the potential to produce proinflammatory cytokines, 14 there is a debate on the role of HTLV-1-specific CD8 ϩ T cells; that is, whether these cells contribute to the inflammatory and demyelinating processes of HAM/TSP, or whether the dominant effect of such cells in vivo is protective against disease, although these 2 mechanisms are not mutually exclusive.
Antigen-specific CTLs are crucial components of the immune response against viruses, and they have been shown to have an important role in limiting viral replication and controlling virusassociated diseases. 15 A decisive role of HTLV-1-specific CTLs has also been suggested by host genetics, 10, 11 in vitro T-cell function, 12, 13 and DNA expression microarray analysis. 16 However, in HTLV-1 infection, active and abundant HTLV-1-specific CTLs do not completely eliminate infected cells, especially in patients with HAM/TSP. We have therefore hypothesized that the differences in HTLV-1 PVL and associated differences in the risk of HAM/TSP should be associated with differences between patients in the efficiency of CTL-mediated lysis of infected cells. Because both positive and zero correlations have been found between the frequency of HTLV-1-specific CD8 ϩ T cells and PVL, [17] [18] [19] the frequency of HTLV-1-specific CTL itself is not an accurate indicator of CTL strength or effectiveness. Meanwhile, DNA expression microarray analysis suggested that a high level of expression of lymphocyte lysis-related genes, including granzymes, perforin, granulysin, and NKG2D, was associated with lower PVL both in patients with HAM/TSP and in HVCs. 16 Moreover, differentiation of CD8 ϩ T cells and their functional profile, such as secretion of cytotoxic molecules, cytokines, and degranulation markers, seems to play a key role in controlling several other chronic viral infections such as herpes simplex virus (HSV), Epstein-Barr virus (EBV), cytomegalovirus (CMV), and HIV. [20] [21] [22] In this study, based on these observations, we have evaluated the expression of costimulatory markers, cytotoxic granules (perforin and GzmB), and degranulation marker CD107a in CD8 ϩ T cells from HTLV-1-infected patients (HAM/TSP and HVCs) and age-matched healthy controls (HCs), and compared them with HTLV-1 PVL.
Methods

Patients and cells
Peripheral blood was studied from 72 patients with a clinical diagnosis of HAM/TSP, 96 HVCs, and 20 HCs in total. Characteristics of these patients are shown in Table 1 . Fresh PBMCs were isolated on a Histopaque-1077 (SigmaAldrich, St Louis, MO) density gradient centrifugation, washed twice in RPMI 1640 with 10% heat-inactivated fetal calf serum (FCS), and stored in liquid nitrogen as stocked lymphocytes until use. All experiments were performed by using age-matched samples selected from stocked lymphocytes. The diagnosis of HAM/TSP was made according to the World Health Organization diagnostic criteria. 23 All patients and control subjects were Japanese and resided in Kagoshima Prefecture, an HTLV-1 endemic region in southern Japan. Samples from patients with HAM/TSP were studied only if the patients had never received any immunomodulators (oral steroid or interferon-␣ injection) or more than 10 years had passed since the last immune-modulating therapies. This research was approved by the institutional review boards of the authors' institutions and informed consent was obtained from all patients in accordance with the Declaration of Helsinki.
Lymphocyte phenotyping and perforin detection by flow cytometry
After thawing, cells were washed 3 times with phosphate-buffered saline (PBS) and fixed in PBS containing 2% paraformaldehyde (Sigma-Aldrich) for 20 minutes and resuspended in PBS at 4°C. Fixed cells were washed with PBS containing 7% of normal goat serum (Sigma-Aldrich) and then incubated for 15 minutes at room temperature with various combinations of fluorescence-conjugated monoclonal antibodies (mAbs) as follows: phycoerythrin-cyanin 5.1 (PC5)-labeled anti-CD27, PC5-labeled anti-CD28, PC5-labeled anti-CD8, energycoupled dye (ECD)-labeled anti-CD8 (Beckman Coulter, Fullerton, CA), phycoerythrin (PE)-labeled anti-CD28, fluorescein isothiocyanate (FITC)-labeled antiperforin and GzmB (BD PharMingen, San Diego, CA). Isotype-matched mouse immunoglobulins were used as a control. The phenotype was determined by flow cytometry (EPICS XL; Beckman Coulter) in the lymphocyte gate based on forward versus side scatter. For intracellular staining of perforin and GzmB, PBMCs were first surface stained with the ECD-labeled anti-CD8 mAb for 15 minutes at room temperature. After cell-surface labeling, cells were washed and permeabilized with PBS/7% normal goat serum containing 0.2% saponin (PBS-SAPO; Sigma-Aldrich) for 10 minutes at room temperature. The cells were then washed twice and resuspended for 20 minutes at room temperature in PBS-SAPO containing FITC-labeled anticytotoxin mAbs (perforin, GzmB; BD PharMingen) or an isotype control mAb. Finally, the cells were washed twice and analyzed by an EPICS XL flow cytometer and EXPO32 analysis software (Beckman Coulter) in the lymphocyte gate based on forward versus side scatter.
Detection of HTLV-1 Tax-and CMV pp65-specific CTLs by HLA class I tetramer
To evaluate the expression of perforin in antigen-specific CD8 ϩ T cells, CD8 ϩ T cells were stained with fluorescent-labeled tetramers of HLA-A*02 ϩ ␤2 microglobulin ϩ Tax11-19 (LLFGYPVYV) or CMV pp65 (NLVPMVATV) peptides, which were purchased from Medical Biological Laboratories (Nagoya, Japan). PBMCs were incubated with each tetramer and ECD-labeled anti-CD8 mAb at 37°C for 25 minutes then washed 3 times in ice-cold PBS, fixed in 2% paraformaldehyde for 20 minutes at 4°C. Fixed PBMCs were then permeabilized with PBS/7% normal goat serum (NGS) containing 0.2% PBS-SAPO for 10 minutes at room temperature for intracellular staining of perforin and GzmB. The cells were washed again and resuspended for 20 minutes at room temperature in PBS-SAPO containing anticytotoxin mAbs (perforin, GzmB) or an isotype control mAb. Finally, the cells were washed and analyzed by flow cytometry. At least 5 ϫ 10 4 events were collected in each assay.
Quantification of HTLV-1 proviral load and anti-HTLV-1 antibody titers
To examine the HTLV-1 PVL, we carried out a quantitative polymerase chain reaction (PCR) method using ABI Prism 7700 (Applied Biosystems, Foster City, CA) with 100 ng genomic DNA (roughly equivalent to 10 4 cells) from PBMC samples, as reported previously. 9 Based on the standard curve created by 4 known concentrations of template, the concentrations of unknown samples were determined. Using ␤-actin as an internal control, the amount of HTLV-1 proviral DNA was calculated by the following formula: copy number of HTLV-1 tax per 1 ϫ 10 4 PBMC ϭ [(copy number of tax) / (copy number of ␤-actin/2)] ϫ 10 4 . All samples were performed in triplicate. Serum antibody titers to HTLV-1 were determined by a particle agglutination method.
CD107a mobilization assay
To evaluate cell-mediated cytotoxicity of HTLV-1-specific CD8 ϩ T cells in patients with HAM/TSP and HVCs, we performed a CD107a mobilization assay. 24, 25 This assay enables rapid assessment of cell-mediated cytotoxicity via sensitive detection of CD107a exposed on the cell surface after antigen stimulation and subsequent secretion of the lytic granule contents such as perforin and granzymes. PBMCs (2 ϫ 10 6 ) were cultured for 4 hours with or without 1 g/mL HTLV-1 Tax peptide in combination with FITC-labeled anti-CD107a mAb and the secretion inhibitor monensin in RPMI 1640 complete medium with 50 IU/mL IL-2, according to the manufacturer's instruction (IMMUNOCYTO CD107a detection kit; MBL, Nagoya, Japan). After incubation, cell suspensions were washed with PBS and the cells were further stained with Tax-tetramer-PE and PC5-labeled anti-CD8 mAb (Beckman Coulter). A minimum of 3 ϫ 10 4 CD8 ϩ T lymphocytes per sample were acquired by flow cytometry.
Statistical analysis
To test for significant differences among the cell populations between 3 different groups of subjects (HAM/TSP, HVCs, and HCs), one-factor 
Results
The expression of costimulatory molecules on T cells of HTLV-1-infected patients and uninfected controls
To determine whether the frequency of costimulatory molecules differed between patients with HAM/TSP and HVCs as well as HCs, we stained PBMCs with monoclonal antibodies to CD27, For personal use only. on November 13, 2017. by guest www.bloodjournal.org From For personal use only. on November 13, 2017. by guest www.bloodjournal.org From CD28, CD80, CD86, and CD152 (cytotoxic T-cell lymphocyteassociated antigen-4 [CTLA-4]) in 3 groups of age-matched patients with HAM/TSP, HVCs, and HCs ( Table 2 ). The percentages of CD8 ϩ cells that were negative for costimulatory molecules were significantly higher in patients with HAM/TSP than in HCs; however, these differences were not observed between HVCs and HCs. Because the mean HTLV-1 PVL of the HAM/TSP group was significantly higher than that of the HVCs (HAM/TSP 805.1 Ϯ 461.0 vs HVCs 354.5 Ϯ 106.2, P ϭ .001, MannWhitney), we further compared the frequencies of each costimulatory molecule between patients with HAM/TSP and the HVCs with a similar PVL (HAM/TSP 529.8 Ϯ 79.0 vs HVCs 486.0 Ϯ 104.5, P ϭ .79, Mann-Whitney). The mean frequency of each costimulatory molecule was still significantly higher in patients with HAM/TSP than HCs except for CD8 ϩ CD152 Ϫ (Table 2) , and there was no correlation between the mean frequency of each costimulatory molecule and PVL (data not shown). These data indicate that the observed differences do not simply reflect differences in PVL (ie, in the frequency of HTLV-1-infected cells). Furthermore, although HTLV-1 mainly infects CD4 ϩ cells, the percentages of CD4 ϩ cells that were negative for costimulatory molecules were not significantly different between patients with HAM/TSP and HVCs or HCs (Table S1 , available on the Blood website; see the Supplemental Materials link at the top of the online article), indicating that the mean frequency of each costimulatory molecule on CD4 ϩ cells was not influenced by the PVL.
Expression of perforin and granzyme B in CD8 ؉ CD28 ؊ and CD8 ؉ CD27 ؊ T-cell populations of patients with HAM/TSP and healthy virus carriers
We next focused on the CD8 ϩ CD28 Ϫ T cells and CD8 ϩ CD27 Ϫ T cells, because these subsets include CTLs and because abnormal expansion of these subsets was also described in chronic CMV, 26 EBV, 27 and HIV 20 infection. As shown in Table 2 , both percent CD8 ϩ CD28 Ϫ and percent CD8 ϩ CD27 Ϫ T-cell populations in PBMCs were significantly higher in patients with HAM/TSP than in HVCs and HCs, whereas there were no significant differences of percent CD8 ϩ CD28 Ϫ and percent CD8 ϩ CD27 Ϫ T-cell populations between HVCs and HCs. Interestingly, as typical examples show in Figure 1A , the percentages of perforin ϩ CD8 ϩ , perforin ϩ CD8 ϩ CD28 Ϫ , and perforin ϩ CD8 ϩ CD27 Ϫ T cells were significantly lower in HTLV-1-infected patients (patients with HAM/TSP and HVCs) than in HCs, irrespective of PVL ( Figure  1B,D) . The differences between HVCs and patients with HAM/ TSP were smaller than the differences between HCs and HVCs or patients with HAM/TSP alone, indicating that a selective decrease of perforin expression in CD8 ϩ T cells was associated with persistent HTLV-1 infection. The mean fluorescence intensity (MFI) of the perforin ϩ CD8 ϩ , perforin ϩ CD8 ϩ CD28 Ϫ , and perforin ϩ CD8 ϩ CD27 Ϫ T-cell populations were significantly lower in patients with HAM/TSP than in HCs, irrespective of PVL ( Figure 1B,D) . In contrast to the perforin expression, both the percentages and MFI of the GzmB ϩ CD8 ϩ , GzmB ϩ CD8 ϩ CD28 Ϫ , and GzmB ϩ CD8 ϩ CD27 Ϫ T-cell populations were not significantly different among the 3 subject groups (patients with HAM/TSP, HVCs, and HCs) when HTLV-1-infected patients were compared with a similar proviral load ( Figure 1C,E) .
There was a marginal negative correlation between percent perforin ϩ CD8 ϩ T cells and HTLV-1 PVL in all HTLV-1-infected patients (patients with HAM/TSP ϩ HVCs; P ϭ .046, r ϭ Ϫ0.29 by Spearman rank correlation analysis) but not in patients with HAM/TSP or HVCs alone (Figure 2 left panels) . Meanwhile, a significant negative correlation between percent perforin ϩ CD8 ϩ T cells and HTLV-1 PVL was observed in all HLA-A*02-positive HTLV-1-infected patients (patients with HAM/TSP ϩ HVCs; P ϭ .003, r ϭ Ϫ0.58) and HVCs alone (P ϭ .024, r ϭ Ϫ0.64), but not in patients with HAM/TSP (P ϭ .15, r ϭ Ϫ0.35; Figure 2 right panels). No correlation was observed between expression of GrzB and HTLV-1 PVL in patients with HAM/TSP, HVCs, or both groups combined, irrespective of HLA status (data not shown).
Lower perforin expression in HTLV-1-specific CD8 ؉ T cells than in CMV-specific CD8 ؉ T cells within HTLV-1-infected patients
Perforin is essential for killing targets of CTLs by means of the granule exocytosis pathway, and its expression is more restricted than that of serine proteases. As we observed significant differences in perforin expression in CD8 ϩ T cells lacking the costimulatory molecules in PBMCs between HTLV-1-infected patients and healthy controls, and a significant negative correlation between percent perforin ϩ CD8 ϩ T cells and HTLV-1 PVL in HLA-A*02-positive HTLV-1-infected patients, we next focused on the perforin expression in HTLV-1-specific CD8 ϩ T cells and CMV-specific CD8 ϩ T cells in the same group of HTLV-1-infected patients ( Figure 3A) . Although there was no significant difference in percent perforin expression in virus-specific (both HTLV-1 Taxspecific and CMV-specific) CD8 ϩ T cells between patients with HAM/TSP and HVCs, the percentage perforin expression in HTLV-1 Tax-specific CD8 ϩ T cells was significantly lower than CMV-specific CD8 ϩ T cells in HTLV-1-infected patients (both patients with HAM/TSP and HVCs) ( Figure 3B ). The expression of perforin in CMV-specific CD8 ϩ T cells was always higher than the expression of perforin in Tax-specific CD8 ϩ T cells in the same patients in both patients with HAM/TSP and HVCs.
HTLV-1 Tax-specific CD8 ؉ T cells in patients with HAM/TSP and HVCs appear to be at different expression patterns of costimulatory molecule
Because it has been reported that the cell-surface phenotype of virus-specific cells was affected by the stage of infection (ie, acute or chronic) as well as by viral specificity, 20 we further investigated whether the cell-surface phenotype of HTLV-1-specific CD8 ϩ cells differed between patients with HAM/TSP and HVCs. According to a simple classification of 3 functional subsets based on CD28 and CD27 expression (ie, early [CD28 ϩ CD27 ϩ ], intermediate (C) Frequency and MFI of the GzmB-positive CD8 ϩ T-cell population and its subpopulations (CD8 ϩ CD28 Ϫ and CD8 ϩ CD27 Ϫ ) in patients with HAM/TSP, HVCs, and HCs. (D) Frequency and MFI of the perforin-positive CD8 ϩ T-cell population and its subpopulations (CD8 ϩ CD28 Ϫ and CD8 ϩ CD27 Ϫ ) in proviral load (PVL)-matched patients with HAM/TSP, HVCs, and HCs. (E) The frequency and MFI of the GzmB-positive CD8 ϩ T-cell population and its subpopulations (CD8 ϩ CD28 Ϫ and CD8 ϩ CD27 Ϫ ) in PVL-matched patients with HAM/TSP, HVCs, and HCs. The frequency of perforin-or GzmB-positive cells is shown as a percentage within each cell subset (CD8 ϩ , CD8 ϩ CD28 Ϫ , CD8 ϩ CD27 Ϫ ). Values represent the means plus or minus the standard error (SE). To test for significant differences among the cell populations between 3 different groups of subjects (HAM/TSP, HVCs, and HCs), one-factor ANOVA was done when the variance of each group was equal by Levene test. If the variance of each group was different, the Kruskal-Wallis test was used. For multiple comparisons, we used Sheffe F to analyze statistical difference. Values of P Ͻ .05 were considered statistically significant. ***P Ͻ .001; **P Ͻ .01; *P Ͻ .05. Figure 4A ), 20 more than 60% of HTLV-1 Tax-specific CD8 ϩ T cells from patients with HAM/TSP showed late differentiated phenotype, whereas more than 60% of HTLV-1 Tax-specific CD8 ϩ T cells from HVCs showed intermediate differentiated phenotype (Table 3 and Figure 4B ,C). These phenotypes did not change even when we compared the frequencies between patients with HAM/ TSP and the HVCs with a similar PVL (P ϭ .11, Mann-Whitney U test, Table 3 ). As previously reported, more than 80% of CMVtetramer-specific CD8 ϩ T cells both from patients with HAM/TSP and HVCs showed a late differentiated phenotype (Table 3 and Figure 4B ,C). 20 As shown in Figure 4D , there was a negative correlation between percent Tax-specific intermediate differentiated T cells and HTLV-1 PVL in the whole cohort (n ϭ 31; P ϭ .008, r ϭ Ϫ0.47 by Spearman rank correlation analysis) whereas there was a positive correlation between percent Taxspecific late differentiated T cells and HTLV-1 PVL in the whole cohort (n ϭ 31; P ϭ .005, r ϭ 0.49 by Spearman rank correlation analysis). There was no correlation between percent Tax-specific early differentiated T cells and HTLV-1 PVL in the whole cohort (n ϭ 31; P ϭ .55, r ϭ Ϫ0.1 by Spearman rank correlation analysis).
CD107a mobilization assays
To determine the functional reactivity of HTLV-1 Tax-specific CD8 ϩ T cells, we performed a CD107a mobilization assay ( Figure  5 ). PBMCs derived from HLA-A*02-positive HTLV-1-infected patients (patients with HAM/TSP and HVCs) were stained with HLA-A*02/ Tax11-19 tetramer after incubation with Tax11-19 peptide and anti-CD107a monoclonal antibody for 4 hours. Significant anti-CD107a staining was observed on the Tax-tetramerpositive population after coculture with Tax11-19 peptide, whereas only background staining was seen without peptide ( Figure 5A) . We compared the frequency of expression of the degranulation 
Discussion
To characterize the HTLV-1-specific CD8 ϩ T cells in infected patients, we first examined the expression of costimulatory molecules on CD4 ϩ and CD8 ϩ T cells, which have a significant impact on the cytokine profile and proliferation response. Interestingly, the percentages of CD8 ϩ T cells that were negative for costimulatory molecules CD27, CD28, CD152 (CTLA-4), CD80 (B7-1), and CD86 (B7-2) were significantly higher in patients with HAM/TSP compared with HVCs or HCs, whereas this discrepancy was not found within the CD4 ϩ T-cell population. Namely, there was a selective decrease of costimulatory molecule expression on CD8 ϩ T cells in patients with HAM/TSP. It is noteworthy that the same differences were observed in a comparison between patients with HAM/TSP and HVCs with a similar PVL, whereas there were no significant differences between the patients with HAM/TSP and HVCs in either the frequency of CD4 ϩ cells negative for costimulatory molecules or the PVL in PBMCs. These findings suggest that the expression of costimulatory molecules was influenced by the disease status rather than the PVL. The emergence of high frequencies of CD8 ϩ T cells negative for costimulatory molecules might have been caused by a greater degree of continuous or repeated antigenic stimulation in patients with HAM/TSP than in HVCs at a similar PVL; such repeated antigenic stimulation might lead immune cells into a loss of antiviral CD8 ϩ T-cell function, as suggested in HIV infection. In fact, it has been reported that the number of naive T cells was low in HTLV-1-infected patients compared with uninfected controls, whereas the number of memory T lymphocytes was greater in HTLV-1-infected patients. 28 This finding supports the rapid turnover of T cells by antigenic stimulation in HTLV-1-infected patients, which has recently been directly demonstrated by metabolic labeling of lymphocytes in vivo in human HTLV-1-infected subjects. 29 We next focused on the CD8 ϩ CD28 Ϫ T cells and CD8 ϩ CD27 Ϫ T cells, because these subsets include CTLs and abnormal expansion of these subsets was also described in chronic CMV, 26 EBV, 27 and HIV 20 infection. Especially, increased expression of CD8 ϩ CD28 Ϫ T cells was associated with disease activity and CD8 ϩ T-cell dysfunction in HIV infection. 30, 31 As expected, the percentages of CD8 ϩ cells that were negative for CD28 or CD27 were significantly increased in patients with HAM/TSP by comparison with HVCs or HCs, irrespective of PVL.
Because impaired CTL-mediated lysis is a general feature of chronic HIV, CMV, and EBV infections, 32 especially when the antigen load is high, 33 it is important to examine the phenotypic and functional property of CD8 ϩ T cells in HTLV-1 infection. Our data showed that the frequency of perforin and GzmB ϩ CD8 ϩ , CD8 ϩ CD28 Ϫ , and CD8 ϩ CD27 Ϫ T cells in PBMCs was significantly lower in HTLV-1-infected patients (patients with HAM/TSP and HVCs) than in HCs. Interestingly, although both the percentage and MFI of perforin ϩ CD8 ϩ , perforin ϩ CD8 ϩ CD28 Ϫ , and perforin ϩ CD8 ϩ CD27 Ϫ T-cell populations were significantly lower in HTLV-1-infected patients (patients with HAM/TSP and HVCs) than in HCs, irrespective of PVL, the MFIs of GzmB ϩ CD8 ϩ , GzmB ϩ CD8 ϩ CD28 Ϫ , and GzmB ϩ CD8 ϩ CD27 Ϫ T-cell populations were not significantly different among patients with HAM/ TSP, HVCs, and HCs compared with similar PVLs. Such discordant expression patterns between perforin and granzymes are a common feature of circulating virus-specific CD8 ϩ T cells in chronic HIV, CMV, and EBV infection. 32, [34] [35] [36] [37] Because perforin staining often lessens after T-cell activation, presumably because of the release of preformed perforin, 34 decreased perforin expression in HTLV-1 infection, especially patients with HAM/TSP, might arise from aberrant perforin secretion or from frequent discharge of perforin caused by constant antigenic stimulation. 38 In this case, the higher MFI of GzmB compared with perforin in CD8 ϩ T cells of patients with HAM/TSP might be a result of the lack of granzyme release caused by lower perforin levels. Interestingly, there was a significant negative correlation between percent perforin ϩ CD8 ϩ T cells and HTLV-1 PVL in HTLV-1-infected HLA-A*02-positive HVCs, but not in HLA-A*02-negative HVCs and patients with HAM/TSP who were either HLA-A*02 positive or negative. As the possession of HLA-A*02 was associated with a significant reduction in both HTLV-1 PVL and the risk of HAM/TSP, 11 these findings suggest that the HLA-A*02-restricted CTLs are particularly efficient at killing HTLV-1-infected cells. 39 The absence of correlation between perforin-expressing CD8 ϩ T cells and HTLV-1 PVL in patients with HAM/TSP also supports the hypothesis of CD8 ϩ T-cell inefficiency in the diseased situation.
A large number of phenotypic markers have been used to define different populations of antigen-specific CD4 ϩ and CD8 ϩ T cells, and these markers have been proposed to identify functionally distinct T-cell populations and different stages of T-cell function. A previous study indicated that HIV-specific CD8 ϩ T cells appear to have a different cell-surface phenotype from CMV-specific CD8 ϩ T cells, 20 and the lack of perforin in HIV-specific populations was correlated with decreased cytotoxic activity compared with CMV-specific populations. 34 In this study, we have also shown that the cell-surface phenotypes of virus-specific CD8 ϩ T cells are distinct among HVCs and patients with HAM/TSP, irrespective of PVL, indicating distinct characteristics of the anti-HTLV-1 immune response in infected patients with different disease status. The observed increase in the frequencies of CD8 ϩ , CD8 ϩ CD28 Ϫ , and CD8 ϩ CD27 Ϫ T-cell population in PBMCs in HTLV-1 infection without correlation with perforin or granzyme expression in the corresponding cells suggests that the variation in perforin and GzmB staining among different subjects with HTLV-1 infection results from different levels of antigenic stimulation among these hosts. In addition, the costimulatory molecule expression, perforin content, and GzmB content might represent the state of activation of these cells when viral antigen expression reaches equilibrium with the CTL population. It is highly likely that this point of equilibrium will differ not only between different viral infections because of different kinetics of viral expression, but also between patients with a different "efficiency" of the HTLV-1-specific CTL response.
Finally, we performed a CD107a mobilization assay to compare the functional reactivity of HTLV-1-specific CD8 ϩ T cells between patients with HAM/TSP and HVCs, because the CD107a is much closer to the actual effector function than the equilibrium content of perforin and GzmB. After cultivation with Tax11-19 peptide, significantly higher anti-CD107a staining was observed in Taxtetramer-positive CD8 ϩ T cells in HVCs than in patients with HAM/TSP. This was also the case when we compared patients with HAM/TSP and HVCs with a similar PVL, indicating that the observed differences were not attributable to the difference in PVL between patients with HAM/TSP and HVCs. Rather, the data suggest that the CTLs in PBMCs from patients with HAM/TSP have discharged their granules much more recently because of the greater antigenic stimulus, and so have fewer lytic granules and less CD107a to discharge in the short-term in vitro assay. Because there is evidence that the concentration of antigen required to stimulate CD8 ϩ T cells to produce cytokines is greater than the concentration required to induce CTL killing of target cells, 40 higher HTLV-1 PVL as well as higher antigen load in patients with HAM/TSP may deteriorate the function of CD8 ϩ T cells. In this case, the abundance of antigen in patients with HAM/TSP might exceed the threshold required to stimulate the CD8 ϩ T cells to produce inflammatory cytokines such as interferon-␥ (IFN-␥) and tumor necrosis factor-␣ (TNF-␣); therefore, the effect of CTLs is not protective but harmful for infected patients.
In conclusion, our present data indicate that CTL efficiency appears to be lower in patients with HAM/TSP than in HVCs. The different costimulatory molecule expression, perforin content, and GzmB content between patients with HAM/TSP and HVCs may reflect the different state of activation of the cells when viral antigen expression reaches equilibrium with the CTL population within infected patients. This point of equilibrium may differ not only between different viral infections (ie, different kinetics of viral expression), but also between HTLV-1-infected patients with a different "efficiency" of CTL response. Future studies investigating the nature of the defects in these T cells may provide opportunities to overcome such inefficient functions, and may hold the potential for reducing disease or eradicating persisting infection. For personal use only. on November 13, 2017. by guest www.bloodjournal.org From
